Interaction effects among two-dimensional electrons and holes S. Washburn (Received 2 December 1985) %e report large logarithmic corrections to the conductivity of two-dimensional electrons and holes in GaSb-InAs-GaSb double heterostructures.
From -40 mK to 1 K, the conductivity increased with the logarithm of the temperature but with a slope as much as 30 times larger than estimated from the theories of weak localization and carrier interaction. The discrepancy apparently results from electron-hole interactions not included in the theory.
The electrical transport of two-dimensional systems is currently under concentrated study by both theorists and experimentalists.
Two-dimensional resistors at low temperatures are not metallic; the conductance decreases 1ogarithmi-cally as the temperature decreases. Two different physical processes cause the two-dimensional conductivity to tend to zero. Weak In Fig. 1 For excitations less than E=1 mV/m, the value of the resistance was independent of excitation, indicating that the saturation at low temperatures was not due to electron heating by the bridge excitation. Such saturation has been observed in a number of experiments. '
The saturation might result from spin. -orbit scattering, ' paramagnetic scattering, ' or decoupling of the phonon bath. Figure 2 shows a typical curve of the conductivity versus temperature in natural units for each of the samples, Assuming that the layers are independent Fermi gases, we expect that the total conductivity is the sum of the layers of the sample in analogy with parallel resistors. The experimental slopes would then be the sum of the quantum corrections from all three layers. It should be noted that holes in GaSb are about 15 times heavier than electrons in InAs. This implies that the Drude conductivity is dominated by the electron layer.
Negative magnetoresistance from weak localization only occurs when the Landau orbit is larger than the mean free path. Since the mean free paths for the electrons in our samples are so large (I )I IA, m), the negative magnetoresistance can be present only at fields of -3 G or less. None of the samples exhibited negative magnetoresistance in this region. For all samples, the magnetoresistance was positive until the onset of Shubnikov-de Haas oscillations. Furthermore, the magnetoresistance near H=o was nearly temperature independent. This is strong evidence that the magnetoresistance is not related to the weak localization or interactions discussed earlier, since these effects have a marked temperature dependence.
The temperature-independent positive magnetoresistance results from classical two-band (electron and hole) conductivity;" in other words, From the theories of localization and interactions, we expected to find much smaller values of the slope C, We approximate the theoretical interaction F in Eq. (2) by Thomas-Fermi screening. the conductivity correction which results from attractive Coulomb interactions. '4 The particle-particle (Cooper) channel gives rise to the correction
I -(F/2) ln[EF /a]
where we have substituted -F for F because the electronhole interaction is attractive. The parameter a is an energy scale which gives the typical energy difference between the interacting carriers. In the single-carrier case, this difference is equal to the thermal smearing of the Fermi surface, which is just k~T. In InAs-GaSb, the holes and electrons have d(fferenr Fermi surfaces, and a is roughly the separation (conserving crystal momentum) in energy between the two Fermi surfaces. (See the inset in Fig. 2. The original motivation for the experiment was a test of the effects of the electron-hole interaction on the conductivity in weakly disordered samples. Although the evidence from this experiment is not conclusive, it indicates that the interaction between the two species of carriers causes a much more dramatic change in the conductivity than either weak localization or repulsive Coulomb interactions. The only other quantum corrections to the conductivity which are as dramatic, are those which precede the transition to superconductivity. " The difference between the electron pairing in a superconductor and the pairing in the InAsGaSb system is that in the latter case the conductivity tends to zero because a bound pair (electron plus hole) carries no net charge.
In summary, we have measured the resistances of twodimensional gases of electrons and holes in GaSb-InAsGaSb quantum wells. In all samples, the logarithmic correction to the conductivity was larger than was expected from either weak localization or interactions among the carriers within each layer. Two of the samples (III and IV) have extremely large corrections. These two slopes are so large that we think that they require a new interaction term in the conductivity. The probable source of the anomalous effects is the electron-hole interaction. We are particularly grateful to H. Fukuyama 57, 287 (1985) .
